Introduction
Much effort has been directed over the last 20 years toward the development of spherical foam targets for direct-drive 1-7 and fast-ignition [8] [9] [10] experiments. In these targets, the spherical foam shell is used to define the shape of the cryogenic DT fuel layer, 11 or acts as a surrogate to simulate the cryogenic fuel layer. These targets are fabricated from relatively high-density aerogels (>100 mg/cc) and coated with a few micron thick permeation barrier. With exception of the above mentioned fast ignition targets, [8] [9] [10] the wall of these targets is typically larger than 100 microns. In contrast, the fusion application targets for indirect-drive experiments on NIF will require a much thinner foam shell surrounded by a much thicker ablator shell. The design requirements for both types of targets are compared in Table 1 . 4 In this approach, targets are made by first generating unsupported foam shells using a triple-orifice droplet generator, followed by coating the dried foam shells with a thin permeation barrier. However, this approach is difficult, if not impossible, to transfer to the lower density and thinner wall foam shells required for indirect-drive usesof-ignition targets for NIF that then would have to be coated with an at least hundredmicron-thick ablator film. So far, the thinnest shells that have been fabricated using the triple-orifice-droplet generator technique had a wall thickness of ~20 microns, but despite of being made from a higher-density foam formulation, the shells were mechanically very sensitive, difficult to dry, and showed large deviations from roundness.
Requirements
We thus decided to explore a different approach based on using prefabricated thickwalled spherical ablator shells as templates for the thin-walled foam shell. As in the case of the above mentioned encapsulation technique, the foam is made by sol-gel chemistry. However, our approach removes much the requirements on the mechanical stability of the foam shell as the foam shell is never handled in its free-standing form, and promises superior ablator uniformity and surface roughness. As discussed below, the success of this approach depends strongly on the availability of suitable aerogel chemistries (ideally pure hydrocarbon (CH)-based systems) with suitable rheological properties (high viscosity and high modulus near the gel point) that produce low-density and mechanically strong foams.
Results and Discussions
Our approach to fabricate foam-lined fusion application targets is schematically illustrated in Figure 1 . The process involves the following steps: 1) filling of the ablator shell with the desired amount of the aerogel precursor solution, 2) temporarily plugging the fill hole, 3) film formation by randomly rotating the capsule during polymerization, and 4) solvent exchange and supercritical drying. In the following, we will focus mainly on the development of suitable aerogel chemistries that are compatible with the target specification listed in Table 1 and those rheological properties allow for film formation in a rotating capsule. 
Dynamics of fluids in a rotating cylinder
To explore the effect of film thickness and viscosity on film uniformity and shear, we studied the behavior of fluids in a rotating horizontal circular cylinder both theoretically and experimentally.
Neglecting surface tension and wetting effects, the problem of a fluid in a rotating horizontal cylinder can be solved analytically ( Figure 2 ). The analysis reveals that 1) the critical rotational velocity  crit scales with the square of the film thickness h, and the inverse of both cylinder radius R and viscosity ; 2) the film thickness inhomogenity h scales as the third power of h, and the inverse of R,  and angular speed ω; and 3) the shear rate scales as the inverse of . Assuming a radius of 1 mm, a film thickness of 30 micron, and a viscosity of ~ 1 cP (water), the analytical solution of the problem predicts a critical rotational velocity of 200 rpm. If the viscosity at the gel point increases to 10 3 cP (as shown for the RF system 12 ), then  crit decreases to less than 1 rpm, and the shear decreases by a factor of 10 3 . This analysis reveals the critical importance of controlling the viscosity of the precursor solution near the gel point for the quality of the film. The experimental results are qualitatively consistent with the predictions of the analytical model: the critical rotation velocity decreases with increasing viscosity and decreasing film thickness, although the film thickness dependence is weaker than the expected square dependence (Figure 3 ).
Aerogel systems

Resorcinal-formaldehyde polymer aerogels
Most work on the encapsulation technique was preformed with the resorcinolformaldehyde (RF) system that was originally developed by Pekala et al. 13 at LLNL. Much progress has been made in understanding and controlling gel time, 14 viscosity 2 and pore size 14 of this polymer system. One of the reasons for selecting this material is its optical transparency that is a consequence of its small pore size (< 100 nm) and allows for optical inspection of the cryogenic fuel layer. The major drawback of the RF chemistry for the ICF application is its high oxygen content (O/C ratio ~1/3) that is expected to reduce the yield of ICF targets. Using the triple orifice droplet generator technology, RF foam shell fabrication has been demonstrated for higher density (<100 mg/cc) and thicker shells (wall thickness > 100 micron). Although 20-micron-thick shells have been produced for fast-ignition experiments, they are too dense (>130 mg/cc), mechanically very unstable and thus difficult to dry, and showed large deviations from roundness. 8, 10 To explore the spin-coating behavior of RF gels that is essential to our approach, we performed gelation tests in a rotating cylinder geometry. The observed formation of uniform and transparent gel layers ( Figure 4 ) seems to be a consequence of the 1000-fold increase of the viscosity near the gel point of the RF solution that keeps the shear forces experienced by the gelling film low. The increase in viscosity of the RF system has been attributed to particle formation 15 
Hydrocarbon aerogels
Driven by the desire to improve target performance, several pure CH foam systems have been developed for the foam shell application, including divinylbenzene (DVB) 16 and poly(4-methyl-1-pentene) (PMP) foams. 17 The densities, however, were considerably higher than required for the current application. We thus decided to develop a new hydrocarbon-based aerogel chemistry utilizing the ring opening metathesis polymerization (ROMP) to polymerize dicyclopentadiene (DCPD) monomers ( Figure  5 ). 18 As catalyst we selected the recently developed ruthenium-based Grubbs' catalyst 19 that shows high metathesis activity and reasonable tolerance against air and moisture, and We have fabricated targets that were completely filled with DCPD aerogel as well as partially filled targets that had a thin foam liner on the inside of the capsule. The formation of thin DCPD gel films in rotating capsules was not very robust and often resulted in inhomogeneous coatings. To address this issue we performed coating experiments in the rotating cylinder geometry. These experiments confirmed the formation of rough inhomogeneous films with a granular structure under rotation. This is contrast to the RF system where the formation of smooth and homogeneous gel films was observed under similar conditions. This observation suggests that the mechanical strength and/or viscosity of the DCPD system near to the sol-gel transition is too low to survive the shear forces that are a consequence of the rotating vial geometry. To proof this hypothesis we studied the rheological behavior of the DCPD system during gelation (Figure 7) . These experiments show that the viscosity of the DCPD system does not increase during the initial stage of gelation, in contrast to the RF system that shows a 1000-fold increase in viscosity before gelation starts.
One possible explanation of the different rheological behavior of DCPD and RF is the different functionality of both systems, and thus the different polymerization behavior that comes with it. RF has a functionality of 3, and thus immediately forms a threedimensional cross-linked network, whereas DCPD has a functionality of two thus forming predominately linear chains (the reactivity of the second double bond in DCPD is lower due to its lower ring strain 20 ). To force the DCPD system into a 3D cross-linked network morphology, and thus to increase both viscosity and strength at the sol-gel transition, we tested the addition of appropriate cross-linkers. 21 Preliminary results were very promising, and showed the formation of homogeneous, transparent thins gel films in the rotating cylinder test geometry. An alternative explanation may be the limited solubility of the DCPD polymer network in toluene. If this is the case, one should be able to improve the stability of the DCPD system by increasing its solubility. Finally, the viscosity of the aerogel precursor solution can be independently controlled by using a higher viscosity solvent, and preliminary experiments using a paraffin-based solvent look promising.
Layer formation and Random Positioning Machine
The formation of smooth homogenous films inside a spherical capsule requires precise control over rotation speed and direction. Initial film formation experiments that used the tumbling motion of a capsule in a rotating vial were promising, but not robust.
We therefore decided to design a random position machine (RPM) 22 that provides a deterministic, continuous random change in orientation relative to the gravity vector thus simulating a true microgravity environment. This can be achieved by a system that uses two perpendicular and independently driven frames. The machine is now being tested, and preliminary results using silica aerogels look very promising. 
Doping of the foam inside the ablator capsule
The purpose of the thin foam shell inside fusion application targets is the requirement to bring high-Z dopants in close contact with the DT fuel. There are two options to fabricate doped foam shells: 1) Adding modified monomers to the polymer solution, and 2) doping of the final aerogel structure. We decided to explore the latter route by using the reactivity of the remaining C=C double bonds in the DCPD polymer to attach volatile high-Z species such as iodine. The technique is experimental very simple, and consists of exposing the foam-filled ablator shell to volatile reactants such as iodine. The radiograph of an iodine-doped foam inside a diamond shell is shown in Figure 10 . 
Summmary
In summary, we have demonstrated the feasibility of all process steps required to fabricate foam-lined uses-of-ignition targets based on "chemistry in-a-capsule approach": We have systematically studied the formation of thin films in a rotating cylinder geometry, and applied the results to demonstrate the formation of thin gel layers on the inside of a spherical ablator shell. We have developed a non-shrinking 30 mg/cc hydrocarbon polymer airogel and studied its rheological properties during gel formation. We also studied the wetting behavior of various low-density aerogels with cryogenic hydrogen using both free-standing aerogel samples as well as aerogels formed inside a spherical ablator shell. Our results demonstrate that even a 30 mg/cc hydrocarbon polymer aerogel can be strong enough to survive wetting with cryogenic hydrogen. Finally, we have incorporated high-Z dopants such as iodined into free-standing aerogel samples as well as into aerogels inside a spherical ablator shell.
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